ABSTRACT: The size and pace of change in meiofaunal assemblages suggest that meiofauna make excellent subjects for testing theories about how ecological communities change. A field experiment was performed in which the abundance and composition of epibionts and meiofauna on natural, transplanted and mimic pneumatophores were monitored over a 47 wk period. Meiofaunal density increased with growth of algal epibionts, both reaching maximum values after 24 wk, at the end of winter. At this time the assemblages from the 3 substrata were similar, although the combined abundances of meiofauna on transplants and mimics were only 28% of the average on natural pneumatophores. Meiofaunal abundance on all substrata decreased rapidly during spring as algal cover declined due to desiccation. Twenty-three species of nematode were recorded from mimics compared with 8 and 7 from transplants and pneumatophores, respectively. A temporal sequence of feeding groups occurred in the order of epigrowth feeders, deposit feeders, and omnivore/predators, with the latter 2 adding to rather than replacing earlier trophic groups. Scavengers were found only on natural pneumatophores. The turnover rates of nematode species between all census times were similar, peaking at 63%, but there was no trend in the turnover rates with time. We conclude that mimics are more suitable than transplanted pneumatophores for colonisation studies because of their greater persistence and more easily standardised surface area. Moreover, the composition of colonising assemblages on them closely resembled assemblages on natural pneumatophores at the time of peak meiofaunal abundance.
INTRODUCTION
The meiobenthos has been increasingly recognised as a convenient tool for the study of community dynamics. The life-histories (no pelagic larval phase, generation times of 1 to 2 mo) and ecology (high abundance and diversity, close association with the substratum, permanent benthic existence, range of trophic levels) of many meiofaunal taxa render these animals very suitable for studying the effects of pollution and other disturbances (e.g. see Coull & Chandler 1992 and references therein, Schratzberger et al. 2000) . For similar reasons, meiofauna are ideal subjects for the investigation of colonisation and dispersal dynamics in sediments (e.g. Chandler & Fleeger 1983 , Fegley 1988 , Atilla & Fleeger 2000 , Zhou 2001 ). In phytal habitats, several studies have provided data on seasonal changes in meiofauna (Sieburth & Tootle 1981 , Johnson & Scheibling 1987 , Rutledge & Fleeger 1993 , Villano & Warwick 1995 , Jarvis & Seed 1996 , Hull 1997 . Meiofauna on decaying mangrove leaf litter were fol-lowed over 5 wk by Gee & Somerfield (1997) , who reported significant differences in meiofauna during the process of leaf litter decay. The present study aimed to follow the colonisation of epibionts and meiofauna onto emergent mangrove roots and assess the use of a mimic substratum for further field experiments of meiofaunal community dynamics.
Pneumatophores (vertically projecting peg roots) are prominent features in soft-sediment habitats within mangrove forests of Avicennia marina (Forskål) Vierhapper. These plant structures may grow to 35 cm in height, extending from shallow lateral roots up to 20 m from their tree trunk (Gwyther 2000) , and are essential to gas exchange in waterlogged soils. A single tree of 2 to 3 m in height may have 10 000 pneumatophores (Hogarth 1999) . Studies made in several geographic regions have reported that pneumatophores are encrusted with epibiota, e.g. Sutherland (1980;  in Venezuela), Ellison & Farnsworth (1992) , and Farnsworth & Ellison (1996) (both in Belize), Eston et al. (1992; Brazil) , Bayliss (1993; South Australia) , Aikanathan & Sasekumar (1994; Malaysia) , Phillips et al. (1996;  South Africa) and Catesby & McKillup (1998; Queensland, Australia) . Within the Barwon River estuary, Victoria, southeastern Australia, mangroves occur at the south-westerly limit of their Victorian distribution, and are represented by a single species, A. marina.
The pneumatophores in the Barwon estuary provide discrete islands of hard substratum that support distinctive macro-epibiont and meiofaunal assemblages (Gwyther 2000) . Thus, primary space on the pneumatophore may be colonised by the barnacle Elminius modestus or by algae dominated by the rhodophytes Caloglossa spp. and Catenella spp. and the chlorophytes Ulva spp. and Enteromorpha spp. Individual pneumatophores supporting either one or both of these assemblages occur throughout the area, although pneumatophores without any visible fouling are frequent beneath the tree canopy (Gwyther 2000) . Each of these 2 macro-epibiont assemblages harbours a distinctive assemblage of meiofauna: halacarid mites dominate barnacle-encrusted pneumatophores, whereas algal epiphytes bear a more even biota of harpacticoid copepods, nematodes and halacarid mites. Both of these assemblages on pneumatophores have been shown (Gwyther 2000) to be significantly different from the meiofaunal assemblage in surrounding sediments (dominated by nematodes).
The distribution of epibiont communities on pneumatophores is patchy at spatial scales from a few centimetres (e.g. adjacent pneumatophores bearing both epibiont types) to several metres (e.g. 2 to 3 m diameter patches of pneumatophores fouled with 1 type of epibiont) (Sutherland 1980 , Ellison & Farnsworth 1992 , Bayliss 1993 , Farnsworth & Ellison 1996 . Temporal variability is also observed, with increasing cover of algae during winter months in southeastern Australia (Beanland & Woelkering 1982 , Davey & Woelkering 1985 . The succession of colonisers onto the surface of a bare pneumatophore might be expected to reflect initially the temporal sequence of propagules that find the surface acceptable. Their continuing persistence may then depend on the provision of food, space and shelter from physical stresses as well as the outcomes of various biotic interactions.
The present study aimed to follow the early colonisation of pneumatophores towards the distinctive epibiotic communities described by Gwyther (2000) . Suitable substrata for this purpose were assessed by comparing colonisation rates and assemblage composition of meiofauna onto natural but transplanted pneumatophores with those patterns on artificial mimics. The first null hypothesis to be tested was that no differences would be found between the rates of colonisation of algae, barnacles and meiofauna onto transplanted and mimic pneumatophores that were bare at the start of the experiment. The second null hypothesis was that the composition of the assemblages of transplanted, real pneumatophores and mimics would be similar to in situ natural pneumatophores during the experiment. Third, we tested the possibility of predicting abundances of copepods or mites from the percentage cover on natural pneumatophores of algae or barnacles, respectively. The purpose of comparing new mimic pneumatophores with bare, real but dead ones was to assess the suitability of these convenient artificial substrates for further manipulative experiments in mangroves.
MATERIALS AND METHODS
Study site and sampling. The study site was on the eastern bank of the Barwon River estuary (38°17' S, 144°30' E) in Victoria, southeastern Australia, about 1.5 km upstream from the river mouth (described by Gwyther 2000) . The experiment commenced in April (the austral autumn). Three plots (called jetty, middle and creek) in the midst of dense pneumatophores, each measuring 4 m 2 and separated by 5 m, were marked with wooden stakes on the intertidal mudflat. The plots were at equivalent tidal heights (approximately mid-tide level) and spanned the mudflat between 5 and 7 m seaward of the Avicennia marina trees. Two experimental treatments consisted of wooden mimics versus excised and transplanted, real pneumatophores; controls for these were undisturbed living pneumatophores (hereafter called 'natural') growing within each plot (these 3 treatment types are henceforth collectively referred to as 'units'). 'Mimics' were made from untreated wooden (Eucalyptus regnans) dowel rods, measuring 30 cm in length and 9 mm in diameter (approximately the average diameter of pneumatophores at the study area: Gwyther unpubl. data). Twenty-four mimics were pushed 15 cm into the mud in random positions within each plot. 'Transplants' were 30 cm-long living pneumatophores from close to the tree trunks (where epibiota are rare and these aerial roots are longest : Gwyther 2000) , clipped at just above mud level. Twenty-four transplants bearing no epibiota were inserted into the mud in each plot. Units of both treatments were placed in random positions within each of the 3 plots, ensuring that no unit contacted another.
The possibility of different temporal trends in the development of epibiota among the test substrata was investigated by following the assemblages for 47 wk. Three replicate units of each treatment and control (i.e. 9 units) were removed from each plot at each of 7 time intervals -after 1, 2, 4, 8, 24, 32 and 47 wk from commencement of the experiment on 17 April 1998. The first 8 wk were in the autumn, Weeks 8 to 24 were in winter, Weeks 24 to 32 fell in spring and Weeks 32 to 47 were in summer. At each sample time, the treatment and control units were harvested by clipping off their emergent part just above the sediment level using secateurs. The treatment units were collected separately into plastic bags and returned to the laboratory within 3 h for fixation in 10% formalin containing a few drops of Rose Bengal stain per litre. Algal cover of the primary space on each unit was assigned by eye to 1 of 10 percentage classes, from 0-10% through to 91-100%.
For processing, each unit was placed into a 100 ml measuring cylinder, shaken vigorously with filtered water and then decanted. The procedure was repeated 10 times for each unit. Washings consisted mostly of meiofauna and algal fragments, and these were filtered through nested 500 and 53 µm stainless steel sieves and transferred to a Bogorov counting tray for enumeration of epibiota. The surface of each unit 'mimic' or 'transplant' was also inspected under 50 × magnification for any meiofauna not dislodged during washing. Initial counts of meiofauna distinguished at coarse taxon level (order, class or phylum) were made, and each sample was then transferred to a glass cavity block for slow evaporation to glycerol. Permanent 'ecological mounts' (Somerfield & Warwick 1996) were made by mounting the sample in fresh glycerol and sealing the coverslip with Bioseal No. 2 (Northern Biological Supplies). The nematode positioned closest to each of 20 randomly chosen grid points on each slide was identified to putative species and/or genus using descriptions by Platt & Warwick (1983 , 1988 and Warwick et al. (1998) , giving a list of 20 specimens per slide. Classification of nematodes into 4 feeding groups based on the buccal morphology was first described by Weiser (1953) . Group 1 includes species with an unarmed buccal cavity, and Group 2 have mouths armed with 1 or more teeth and/or cuticular ridges, denticles or glands. Groups 1A and 1B include the selective (narrow mouth entrance) and non-selective (wider aperture mouth) deposit feeders that consume bacteria and detritus, respectively. Group 2A has teeth and comprises herbivorous feeders that scrape off algae from the surface of sand grains or pierce single algal cells; Group 2B has wide buccal cavities and glands opening on the teeth, and are omnivore/predators. Although Weiser warned of the over-simplification of this classification, it has been widely used in both its original and modified forms (e.g. Alongi 1990 , Jensen 1987 , Nicholas et al. 1991 . Nematodes in this study, as per Alongi (1990) , were grouped into deposit feeders (DF), epigrowth feeders (EG) and omnivore/ predators (O/P). Scavengers (S, after Jensen 1987) , were distinguished as a separate group, as in mangrove nematode studies by Nicholas et al. (1991) .
Data analysis. All univariate statistics were carried out using SYSTAT software. Changes in algal or barnacle cover on the 3 substrata (treatments) during the experiment were compared among plot (random factor), week (fixed) and treatment (fixed factor) by 3-way factorial ANOVA. Homogeneity of variance was confirmed by Cochran's test and inspection of residuals. An arcsine transformation of the proportional cover of algae and barnacles on natural pneumatophores normalised these data. Meiofaunal abundances were transformed by taking log (count +1) and were converted to densities per 10 cm 2 for purposes of comparison with meiofaunal studies that use this standard format (see Gwyther 2000 for a justification of this). A 3-way ANOVA determined effects on meiofaunal abundance of plot and treatment across weeks.
The efficacy of wooden rods as artificial pneumatophores for meiofaunal habitat was assessed by multivariate ordination of assemblage characteristics (relative abundance, taxonomic composition) with time. PRIMER software was used for all multivariate tests. Abundance data were standardised and double square-root-transformed prior to construction of BrayCurtis similarity matrices. 10 random starts were run for all MDS ordinations. The assemblages on the 3 substrata up to 32 wk were compared with a 2-factor crossed ANOSIM test, using 5000 permutations.
The formula given by Smith (1975) was used for calculating species turnover between temporal samples:
where l is the number of species lost between Censuses j and k, and g is the number gained, and n j and n k are the numbers of species in Censuses j and k.
RESULTS
The wooden dowel rods remained securely in place during the experiment, whereas the surface of the transplanted pneumatophores deteriorated with time. The cortical cells of the transplanted root degraded to a clear, mucilaginous substance consisting of stacks of small disc-shaped gelatinous structures. Eventually, the stele of each pneumatophore remained as a hard stick of only 3 to 5 mm diameter. The transplanted pneumatophores had deteriorated by Week 32 to such an extent that they could no longer be used in the experiment. Thus, only mimic rods and natural pneumatophores could be harvested after Week 32.
Although the transplants were on average longer than the mimics, they were slightly thinner ( Table 1 ), such that there was no significant difference between the mean unit surface area of mimic and transplanted pneumatophores. The abundance of epibionts in these 2 treatments was therefore directly comparable. The mean unit surface area of natural pneumatophores was significantly larger than the surface areas of units of the other 2 treatments. Comparisons of faunal abundance were therefore converted to an equivalent unit surface area before comparisons were made.
Algal cover
Fig . 1A shows that algae colonised no more than 1 to 2% of the surface area of mimics or transplanted pneumatophores during the first 8 wk. There followed a rapid recruitment of algae onto artificial substrates during the winter, to maxima of 100 and 80% cover of primary space on mimics and transplants, respectively. Maximal cover was reached in spring (at Week 24) followed by a precipitous decline in algal cover on all substrata for the remaining 3 sample times (i.e. over a 6-mo period of warmer seasons). At the last sample collection in Week 47, algal cover on mimic pneumatophores was between 0 and 10% (mean = 6.1 ± 1.6% SE, n = 9). In contrast, algae were absent from the natural pneumatophores by the end of summer. The final samples of transplanted pneumatophores were harvested in Week 32 (December, mid-summer) by which time the mean algal cover was reduced to only 1.1 ± 1.1% (n = 9).
Algal cover varied interactively among plots and treatments throughout the experiment (Table 2A) . Until Week 24, the natural pneumatophores had much more algal cover than either of the other 2 treatments (Fig. 1A) , but in Weeks 24 and 32 the type of substratum had no significant effect on algal cover when the 3 substrata were compared by Tukey tests. By Week 47 there was no significant main effect of algal cover on mimics and natural pneumatophores, although algal cover interacted between treatments and plots ( Table 2B ). At that time the algal cover had declined to zero at the creek site, and only mimics at the jetty and middle plots retained small amounts of algal cover. The composition of algal colonisers and growing epiphytic communities included species of Caloglossa, Catenella, Bostrychia, Enteromorpha and Ulva.
Barnacle cover
The mean percentage cover of barnacles on all sampled natural pneumatophores between April 1998 and March 1999 (Fig. 1B) was 54.3% (± 3.0, n = 63) and a 2-way ANOVA indicated no significant effect of plot or week on barnacle cover on them. Very few barnacles recruited to mimics or transplants, and so a 3-way ANOVA was not performed. Up to 23 juvenile barnacle recruits (diameter 1 to 2 mm) were observed on single natural pneumatophores only in March (Week 47) whilst from 0 up to 9 were counted at this time on single mimics. The transplanted pneumatophores had decayed by this stage of the experiment, so they were not available to barnacle recruits. The experiment was terminated before any further increase in barnacle cover was seen.
Colonisation by meiofauna
Changes in mean numbers of meiofauna (on 3 replicate units of 3 treatments at 3 sites) from April 1998 to March 1999 are shown in Fig. 2 . There was a similar temporal pattern of abundance of meiofauna on all the substrata, by which the number of animals built up through the autumn, reached maximum densities for all 3 treatments in Week 24 at the end of winter, and fell back to the low levels of the pre-maxima plateaux by the end of spring. The epibionts on natural pneumatophores supported an abundant assemblage of meiofauna. Although a small number of nematodes contributed to the peak density reached in Week 24, the vast majority of the meiofauna at this time was composed of harpacticoid copepods (Fig. 3) .
Although the meiofauna on mimics and transplants followed a similar pattern, abundance was much less than on natural peg roots, but usually somewhat higher on mimics than transplants. This pairwise difference was significant only at Week 24, when the maximal density was reached on all treatments (Table 3) .
A 3-way ANOVA revealed distinct patterns of significant differences for the main 4 taxa (Table 4) . Nematodes only varied over time (Table 4) , having higher abundances at Week 24 than at other times. For copepods, all 3 main effects were significant (Table 4) : again Week 24 exceeded other times; they were more abundant on mimics than transplants (Fig. 3) , and plots differed as a random effect. Numbers of the third numerically dominant taxon, the halacarid mites, were similar at all times except for Week 32, when they were more numerous on pneumatophores than on any other collection date or treatment. This led to significant interactions between all pairs of factors (Table 4) . Dipteran larvae showed the most complex result, a significant second-order interaction involving all 3 factors ( Table 4 ), implying that abundance depended on the particular combination of treatment, plot and week. Diptera was the only taxon that showed an overall difference between the 2 experimental unit types (Table 5) .
Relationship of meiofaunal abundances to macroepibiont cover on natural pneumatophores
Significant but weak correlations between copepods and algal cover and between mites and barnacle cover were found. The abundances of copepods and mites could be predicted from the regression equations for these associations: log (no. of copepods) = 0.056 (% algal cover) + 1.849 (r 2 = 0.480; F = 58.2, df 1,61 ; p < 0.001) log (no. of mites) = 0.021 (% barnacle cover) + 2.596 (r 2 = 0.124; F = 9.8, df 1,61 ; p = 0.003)
The dominant genera of mites in this mangrove system were the halacarids Isobactrus and Rhombognathus, with a less frequently found unidentified golden oribatid. Copepods were not identified further.
Dowel rods as mimic pneumatophores for meiofaunal assemblages
Assemblages took rather different trajectories over time (Fig. 4) in the 3 treatments. One-way ANOSIMs done at each sampling time revealed that significant differences existed between assemblages at both 24 and 32 wk, but not during the first 8 wk (Table 6 ). Ordination plots of the meiofaunal taxa at each sampling time (Fig. 5) showed increasingly clustered mimic-and transplant-assemblages at successive times, compared with the consistently more dispersed replicate natural pneumatophores. At the time of peak abundance in Week 24, the meiofaunal assemblage on mimics most closely resembled that on natural pneumatophores Table 4 . Three-way ANOVAs of changes in the logged abundance of the 4 main taxa on mimics and transplanted pneumatophores over 32 wk. The factors were treatment and week (both fixed) and plot (random). Results shown in bold are significant at α = 0.05; ns: not significant (Table 6 ). Differences in abundance of meiofauna for the 3 treatments at Week 24 was tested, and a post hoc comparison revealed similar meiofaunal abundance on mimics and pneumatophores (Table 3) . During and following the decline in abundance at Week 32, meiofaunal composition and abundance from all 3 substrata were dissimilar to each other.
Fine taxonomy of nematodes
Nematodes recorded from the 3 substrata during the experiment are listed in Table 7 . Only species of Try- Fig. 6 . Turnover peaked at 63% between Weeks 8 and 32, but there was no significant linear or nonlinear trend in turnover rate during the 47 wk period (as assessed by a LOWESS curve). The greatest number of species was recorded from mimic pneumatophores: of the total 28 species identified from the 3 substrata, 23 (82%) occurred on mimics compared with only 8 (29%) and 7 (25%) on transplants and natural pneumatophores, respectively. Table 8 indicates a clear sequence of colonisation, which commenced with Chromadorina cf. germanica and C. cf. nudicapitata, recorded on both artificial and transplanted pneumatophores during Weeks 2 and 4. At 8 wk elapsed time, the number of genera increased from 2 to 17, but only 5 of these taxa plus 3 additional genera were recorded in the next collection at 24 wk. At 32 wk a further 4 genera were present (but 2 were lost) giving a total of 6 genera (8 species). By the final collection date in Week 47, just 3 genera were recorded, and C. cf. germanica was numerically dominant in all of these samples, as well as being the only species to be represented at every sampling time.
Feeding groups
The sequence of 24 nematode species that colonised the mimics and transplants included 54% epigrowth feeders, 42% deposit feeders and 4% omnivore/ predator feeding type (Tables 7 & 8 ). The early settlers (up to Week 8) were all epigrowth feeders. Deposit feeders and a predator/omnivore colonised mimics and transplants at Week 8 (Fig. 7) but no scavengers were found on experimental substrata (in contrast with natural pneumatophores) during the trial. Of a total of 7 species recorded from natural pneumatophores, 4 were not found on either of the other treatments.
144 Table 7 . The substrata from which nematode taxa were collected over 47 wk (all times combined). *Species found exclusively on natural pneumatophores. The feeding group of each species according to the buccal structure is also shown, for details see 'Methods'. DF: deposit feeder; EG: epigrowth feeder; O/P: omnivore/predator; S: scavenger; ×: present; -: absent Genus/putative species Feeding Mimics Trans-Natural group plants
Total taxa 28 23 8 7 Fig. 6 . Percentage turnover (T ov ) of nematode species between every pair of censuses, mimics and transplants combined. Species turnover was measured as: (Smith 1975) , where T ov = percent turnover of species; l = number of species lost between censuses; g = number of species gained between censuses; nj = total number of species present at Census j; nk = total number of species present at Census k
DISCUSSION
Colonisation by algae and meiofauna occurred onto transplanted pneumatophores and mimics made from wooden rods. The reasons for slower colonisation onto excised pneumatophores compared with mimics may involve the protective characteristics of the former's outermost layer. Synthesis of certain phenolic compounds in plant material can be induced by wounding (Matsuki 1996) , and so secretion of secondary metabolites due to injury from transplanting may reduce fouling. However, such compounds seem to have little effect in natural pneumatophores, which provide a significant habitat to a variety of epibiota (Gwyther 2000, this study) .
The average abundance and the maximal density of meiofauna on mimics was only 28 and 20%, respectively, of those on natural pneumatophores. Slower colonisation rates and lower final abundances of meiofauna in experimental treatments compared with background levels in controls have been reported often in sediment re-colonisation experiments (e.g. Chandler & Fleeger 1983 , Fegley 1988 , Zhou 2001 . Nematodes were slower colonists than copepods in all these studies. At the time of peak meiofaunal abundance in the present experiment (after 24 wk, see Table 6 ), the composition of assemblages on mimics and natural pneumatophores was similar despite lower total abundance of meiofauna on mimics. The resemblance between the assemblage composition in the 2 treatments also coincided with the time of peak algal cover. Multivariate analyses applied at coarse taxo-145 Taxa  1 1  2 2  16 10  7 7  8 4  3  Total taxa per treatment pair  1  2  17  8  8  3 Fig . 7 . Number of nematode species in feeding groups during the experiment for mimics and transplants combined. DF: deposit feeders, EG: epistrate grazers, OP: omnivore/predators nomic levels established that the suitability of transplanted, dead pneumatophores as experimental substrata was equivalent to that of mimics until Week 24. However, after this time the meiofaunal assemblages were more similar between mimics and natural pneumatophores than between transplanted and natural pneumatophores (possibly due to transplants degrading). We conclude from these results that mimics were satisfactory substitutes for the pneumatophore habitat because they were colonised by epibiontic algae and barnacles and, furthermore, they supported similarly composed assemblages of meiofauna during the time of peak algal abundance. Advantages in the experimental use of mimics include an easily standardised surface area, as well as greater persistence in the intertidal environment than found for transplanted pneumatophores.
At the level of nematode species (or genus), the mimic pneumatophores supported at least an equal number of taxa as transplants at every sampling time (see Table 8 ). The species found on mimics but not transplants included all feeding types, and their presence suggests a correspondingly broad range of food resources at least as diverse as that on transplants.
Composition and abundance of meiofauna became increasingly similar up to Week 24, followed by increased dissimilarity that coincided with a major disturbance due to algal decline (Table 6 ). Further experiments initiated at different seasons in the year are necessary before assertions about cyclical successions can be made. Although meiofauna do not have pelagic propagules, the recruitment of new juveniles may be closely linked to cycles of algal recruitment and growth.
The application to biomonitoring studies of meiofaunal colonisation onto artificial substrata (pot scrubbers, bottle brushes, tiles) was investigated in Louisiana by Atilla & Fleeger (2000) . The surfaces for colonisation were below the water line and, in contrast with the present study, the highest abundances of nematodes and copepods were recorded (in mid-summer) when filamentous microalgae were not present. Their longest study lasted only 8 wk, but different copepod species were collected in winter when algae were abundant. However, in the Barwon estuary, pneumatophores are exposed to air at low tide, and bare pneumatophores support extremely limited meiofauna (Gwyther 2000) . The greater abundance of meiofauna on unfouled substrata in subtidal positions, reported by Atilla & Fleeger, emphasises the value of algal epiphytes and barnacles in providing moist microhabitats for meiofauna at intertidal heights. In subtidal regions in northern Japan, Kito (1982) reported that maximum nematode density on Sargassum muticum followed synchronous increases of the standing crop of S. muticum and the amount of detritus that coated it. The opposite relationships between algae and meiofauna in the latter 2 studies may be due to the differences in habitat complexity that were revealed (Warwick 1977) between filamentous and foliose morphologies, respectively.
A comparison of algal species on mimics with natural epiphytic growth on pneumatophore substrate was not made in the present study but is currently in progress. However, in Westernport Bay (approximately 60 km east of the Barwon River estuary), Davey & Woelkering (1985) scraped algae off natural pneumatophores in situ and monitored regrowth over 18 wk. The existing assemblage had been dominated by the rhodophytes Catenella nipae, whereas Caloglossa liprieurii prevailed amongst recolonising algae. Seasonal effects were not investigated in their study, which also commenced in the austral autumn.
The marked decline in epiphytic algae throughout late spring and summer coincided with the onset of hot sunny weather. Algae became bleached following daylight low tides from October onwards, and did not recover from these events until after the study had terminated (March). Such seasonal effects are very pronounced within this temperate system. Although the mean daily maximum temperature is 20 to 23°C in summer there are on average, 14 d that attain over 30°C, and 2 d that attain over 40°C each year (data averaged over 21 yr, supplied by the Bureau of Meteorology (2000, available at: www.bom.gov.au/climate/average). Summer low tides during the middle of the day expose intertidal algae to extreme desiccation. Summer rainfall is low in this region, increasing from a mean monthly average of about 40 mm during December to February to about 67 mm over July to September. The greatest abundance of algae and meiofauna on pneumatophores was in September (early spring), which coincided with the beginning of rising daily temperatures but followed peak rainfall. Monthly average air temperature increases and rainfall decreases from September through to March, at the time of declining abundance of both epiphytic algae and meiofauna on pneumatophores. In contrast with the present findings in temperate mangroves, Eston et al. (1992) found colonisation of artificial and natural mangrove substrata in warm-temperate Brazil (Latitude 28°30' S) to occur most rapidly in summer, when the most abundant algal genus (Bostrychia) settled to form a monotypic cover. Those authors found an increase in algal biomass from the seaward to landward sectors of the mangroves, whereas the opposite trend was found in temperate Westernport Bay by Davey & Woelkering (1985) .
The spring decline in algal cover was mirrored by a decline in meiofaunal abundance. Even at the small spatial scale of meiofauna, a bare pneumatophore seems devoid of suitable habitat; a previous study (Gwyther 2000) found that a few mites were the sole meiofauna on unfouled pneumatophores. Bartsch (1989) recorded mites among barnacles and algae in several geographical regions, but she considered mites to be very rare in silty flats. At our study site, mites made up only 0.2% of sediment meiofauna but represented 91% of the meiofauna on barnacle-covered pneumatophores (Gwyther 2000) . Mites showed an increase in numbers on pneumatophores as the algal cover waned, whereas the abundances of all other taxa declined (see Fig. 3 ). The majority of mites on pneumatophores belonged to the sub-family Rhombognathidae, whose members, unlike other halacarids, are algivorous and numerically dominant in most intertidal habitats (Bartsch 1979) . Pneumatophores are clearly valuable in providing patches of suitable habitat for mites in an otherwise muddy system. A study of the trophic link between microalgae of surface biofilms and phytophagous mite populations is needed to confirm the value of pneumatophores as a resource of both habitat and food.
The colonisation results showed that peak abundances of copepods and mites were asynchronous (Fig. 3) , and this temporal separation of the 2 dominant taxa on natural pneumatophores suggests the possibility of these peaks representing seres of a successional process. Although the species of copepods and mites were not distinguished, the sequence of nematode species that colonised mimic and transplanted pneumatophores revealed changes in both richness and feeding types during the experiment. Whereas the earliest colonists (at 2 wk) were represented by 2 congeneric species, richness of the assemblage had increased to 17 species (14 new genera) by 8 wk. Only 5 of these persisted in the assemblage at 6 mo, and just 3 remained at the conclusion of the experiment. In Malaysia, Gee & Somerfield (1997) reported a successional sequence of nematodes that colonised leaf litter during the decay process, but the copepod fauna was more or less fully developed by the second week that leaves were on the mud-flat. In Louisiana, Atilla & Fleeger (2000) found 11 copepod species upon artificial substrates at 2 wk, but this fell to 8 species by 8 wk. Monitoring the substrates used in their study over a longer term may have revealed the persistence of some copepod species. Their initially rich assemblage probably reflected the active dispersal behaviour of copepods compared with the weak swimming ability, and thus passive dispersal, of most nematodes.
A recent experiment (Zhou 2001) showed that sediment-colonising nematodes in a sub-tropical mangrove were more dominated by deposit feeders in detritus-enriched sediment than in ambient controls. In the Barwon mangroves, epigrowth feeders were the pioneer trophic assemblage on mimic pneumatophores, but subsequent colonisers included additional trophic groups. These findings suggest that pioneer species are not restricted to any trophic group but rather represent the group best able to exploit the resources available.
The most common feeding type within nematodes from all 3 substrata was the epigrowth feeders, which have a buccal cavity adapted to graze plant cells by piercing them and sucking out the contents. This trophic group was well represented by the family Chromadoridae, in common with nematode assemblages from Sargassum muticum reported by Kito (1982) . Chromadorina cf. germanica was the only .-species present at each sampling time. This species was not abundant in mud, and was not recorded from natural pneumatophores, but is present (Gwyther unpubl . data) on decaying leaves that are subject to all stages of fouling as they deteriorate, from the initial biofilm through to tufts of filamentous algae and trapped detritus. These data suggest that C. cf. germanica utilises biofilms as well as more aged phytal surfaces. The wide range of phytal habitats of chromadorids in temperate, northern-hemisphere brackish seas (Jensen 1984) includes all types of submerged vegetation. In the winter, when the phytal material breaks down and is incorporated as detritus into the sediment, the chromadorids remained in the sediment. They emerged in spring to recolonise newly growing macrophytes (Jensen 1984) . This strategy contrasts with that of the monhysterids Diplolaimella spp. and Diplolaimelloides spp., which were only recorded in the present study following the peak algal growth phase on experimental units. These 2 genera are known to be associated with the process of macrophyte decomposition (Villano & Warwick 1995) , and their presence on mimics (and transplants for Diplolaimella) in Week 32 suggests a role in decomposition processes by grazing on the bacterial fauna.
Of 4 nematode genera found exclusively on natural pneumatophores (Table 7) , 3 were more suited to ingest detritus or to prey on other meiofauna than to consume diatom cells of the early biofilm. These were Viscosia (scavenger), Terschellingia (deposit feeder) and Adoncholaimus (omnivore/predator). The fourth genus only found on natural pneumatophores was Onchium, an epigrowth grazer with a piercing stylet. The absence of these genera from experimental substrata could be interpreted as immaturity of the latter assemblages, even after 47 wk. The more complex habitat structure of foliose algae and trapped detritus that covers natural pneumatophores would be expected to provide additional niches for nematodes (and other phyla), and these may only develop over a longer period of time.
The greatest species richness (17 species) was recorded at 2 mo but, of these species, only 5 persisted for 6 further months. These data suggest a dynamic assemblage, and the turnover of nematode species from experimental substrata was great, peaking at 63% over a period of 24 wk. Most nematodes are not active swimmers, and some species collected from the experimental surfaces may have been only transient individuals alighting on a surface that presented suitable stimuli for colonisation. It is not known whether the resources available on mimics or transplanted pneumatophores were sufficient to sustain the species found there, and further experiments are needed to investigate trophic and reproductive relations. The sequence of species of certain feeding types can be interpreted as succession, although the possibility of more ephemeral occupation cannot be discounted.
In conclusion, manipulation of substrata for meiofaunal assemblages provides a convenient tool for further study into marine succession, and invites an experimental approach into both the temporal and spatial dimensions of changing communities.
